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(54) HYDROGEN STORAGE ALLOY EXCELLENT IN DURABILITY AND ITS 
PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a hydrogen storage alloy having high hydrogen 
occluding capacity and a long term repeated hydrogen absorbing and releasing service life 
(being hard to be pulverized) suitable for storing and transporting hydrogen or the like, usable at 
a temp, in the vicinity of a room temp., excellent in oxidation-resistance and easily treatable in 
the air and to provide a method for producing the same. 

SOLUTION: A hydrogen storage allay having a compsn. expressed by TiaVl-a-b-c-dCrbAcBd 
(A denotes one or more kinds among Mn, Fe, Co, Cu, Nb, Zn, Zr, Mo, Ag, Hf, Ta, W, Al, Si, C, 
N, P and B, B denotes one or more kinds among Ln (lanthanoid seres metals) and Y, a=0.2 to 
0.5, b=0.1 to 0.4, c=0.01 to 0.2 and d:0.001 to 0.03) and in which the average grain size of the 
main phases is regulated to 40 um is produced by a rapid solidifying method.] The surface of 
this hydrogen storage alloy is applied with Ni coating, then, heat treatment is executed at 400 to 
1,000°C, or the surface of the hydrogen storage alloy is applied with Ni coating by a mechanical 
alloying method to form an Ni-added layer essentially consisting of a Ti-Ni compd., by which its 
oxidation resistance remarkably improves. 
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CLAIMS 



[Claim 1] Formula: Tia Vl-a-b-c-d Crb Ac Bd ... Hydrogen storing metal alloy which has the composition shown 
by ** and is characterized by the diameter of average crystal grain of the main phase being 40 micrometers or less. 
A among the above-mentioned formula Mn, Fe, Co, Cu, Nb, Zn, Zr, Mo, One sort or two sorts or more of elements 
chosen from Ag, Hf, Ta, W, aluminum, Si, C, N, P, and B are meant. B is Ln (lanthanoids system metal). Meaning 
one sort or two sorts or more of elements which reached and were chosen from Y, the value of a is 0.2. It is 0.5 
above. The value of the following and b is 0.1. It is 0.4 above. The value of the following and c is 0.01 or more and 
0.2. The value of the following and d is 0.001 . It is 0.03 or less above. 

[Claim 2] The hydrogen storing metal alloy according to claim 1 which has nickel addition layer which makes a Ti- 
nickel compound a subject on a front face. 

[Claim 3] ** The manufacture method of a hydrogen storing metal alloy according to claim 1 characterized by 
manufacturing an alloy with the composition shown by the formula by the rapid solidification method. 
[Claim 4] ** an alloy with the composition shown by the formula -- a rapid solidification method -- manufacturing 
-- the front face of this hydrogen storing metal alloy -- nickel -- covering -- subsequently -- The manufacture 
method of a hydrogen storing metal alloy according to claim 2 characterized by heat-treating at the temperature of 
400-1000 degrees C. 

[Claim 5] ** The manufacture method of a hydrogen storing metal alloy according to claim 2 which manufactures 
an alloy with the composition shown by the formula by the rapid solidification method, and consists of the 
mechanical alloying method covering the front face of this hydrogen storing metal alloy with nickel. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

rThetechnical field to which invention belongs] this invention is the amount of hydrogen absorption, (hydrogen- 
absorption capacity) Highly and simultaneous, repeatedly, it is few, and property degradation by hydrogen 
absorption discharge can use at the temperature near the room temperature, and is related with the hydrogen storing 
metal alloy with the feature of being comparatively cheap excellent in endurance, and its manufacture method. The 
hydrogen storing metal alloy of this invention with these features is an obj ect for hydrogen gas storage / 
transportation, and an object for hydrogen gas separation / refining, and especially the further is the the best for a 
heat-transport system, a cooling system, a static compressor, etc. 

[Description of the Prior Art] If hydrogen gas burns, in order that it may become water and may form neither 
carbon dioxide gas nor a sulfur oxide like a fossil fuel, it is a clean energy source. 

r0003] Generally storage and transportation of hydrogen gas are compressed, and is performed as a high pressure 
gas The cold-storage container of -253 ** is required for storage of liquid hydrogen, and the top where an 
evaporation loss is also large, since a lot of energy is required for liquefaction of hydrogen, it liquefies like nitrogen 
and stores because it is difficult. However, it is volume although the proof-pressure container which is heavy and is 
bulky is required for high-pressure hydrogen gas. It does not become about 1/200, but when it is inefficient-like, 
there is a problem also in safety. 

[0004] Then using for storage and transportation of hydrogen gas the hydrogen storing metal alloy which can 
absorb and emit hydrogen gas in reversible by cooling and heating has been examined. The storage density of a 
hydrogen storing metal alloy of the hydrogen gas per unit volume is higher than a high-pressure hydrogen gas 
container it becomes more nearly lightweight and the hydrogen gas storage container of a snug product, and 
transportation of hydrogen gas also becomes easy. Moreover, since it is low voltage, safety is high and strong also 
against the mechanical shock under transportation. 

[00051 The hydrogen storing metal alloy aiming at storage and transportation of hydrogen is developed 
conventionally, and is already used for storage of small-scale hydrogen. Moreover, the research of a low-pollution 
hydrogen fueled car which uses hydrogen gas as an alternate fuel of a gasoline is also progressing, and various 
kinds of hydrogen storing metal alloys including a FeTi system are examined by this as a hydrogen storage device. 
[0006] There is other the following in the use it is expected that utilization of a hydrogen storing metal alloy is. 
Absorption of the hydrogen of a hydrogen storing metal alloy (hydrogenation) Discharge (decomposition of a 
hydride) It is a reversible reaction accompanied by discharge and absorption of heat, and has a heat-chemical 
energy conversion function. It can be used for a cooling system using this function as storage and the space 
transportation system, and the chemical heat pump of heat energy. 

[00071 Moreover if the hydrogen storing metal alloy which made hydrogen gas absorb at low temperature is heated 
to an elevated temperature, high-pressure hydrogen gas will be emitted. The function in wh.ch th.s transforms heat 
energy into mechanical energy is also achieved. This function can be used as heat drive type a static hydrogen 
compressor and an actuator. . 
[00081 Absorption / discharge speed of the hydrogen gas of a hydrogen storing metal alloy is larger than 
absorption / discharge speed of other gas constituents, and has a difference also between hydrogen isotopes. 
Therefore hydrogen separation of isotopes is possible for separation of the high grade hydrogen gas from mixed 
gas, refining of impure hydrogen gas, and a further by using a hydrogen storing metal alloy and making hydrogen 
or a specific hydrogen isotope absorb or emit alternatively. . . 

[0009] Thus, although there is a broad use in a hydrogen storing metal alloy, hydrogen storage capacity is the most 



important property to every use. Moreover, since the above-mentioned use needs comparatively a lot of hydrogen 
storing metal alloys for all, even if it repeats and uses a hydrogen storing metal alloy, there are few depressions and 
it is important to excel in endurance and that the price of an alloy is also comparatively cheap. Depending on a use, 
it is the comparatively low temperature near the room temperature, (an example and below 1 50 **) It is also called 
for that absorption and discharge of hydrogen take place. 

[0010] For example, LaNi5 which utilization preceded Or MmNi5 AB5 represented Since the hydrogen storing 
metal alloy of type is expensive, even if the amount of the hydrogen storing metal alloy used can use it for small 
rechargeable batteries, such as a few Ni-H battery, a price side to use is difficult for it for the use which needs a lot 
of hydrogen storing metal alloys called the object for hydrogen gas storage. Moreover, there is not so much 
hydrogen storage capacity. 

[001 1] To JP,59-38293,B, it is comparatively cheap, and the Ti-Cr-V system alloy is indicated as a hydrogen 
storing metal'alloy with much hydrogen storage capacity. As the manufacture method of an alloy, only the arc 
process is explained concretely. The hydrogen storing metal alloy which consists of the same components also as 
JP,7-252560,A is indicated. The analogous hydrogen storing metal alloy of a Ti-V-nickel system is indicated by 
JP>268513,A and JP,7-268514,A. 

[0012] Moreover, by covering copper and/or a nickel metal with wet electroless deposition to hydrogen storing 
metal alloy powder, influence of contamination by the impurity gas in atmosphere can be made small, and the thing 
with unnecessary initial-activity-izing which it is and can be mitigated by carrying out is explained to JP,60- 
190570,A. 
[0013] 

[Problem(s) to be Solved by the Invention] Absorption and discharge of the hydrogen gas of a hydrogen storing 
metal alloy are a chemical reaction accompanied by expansion and contraction of volume, respectively. In order to 
obtain a practical reaction rate, it needs to be powdered and it is necessary to use a hydrogen storing metal alloy and 
to increase a surface area. However, if expansion and contraction of the volume in the end of an alloy powder are 
repeated during use, a crack will go into powder by internal distortion, it will be soon divided into a fine particle, 
and powder will carry out pulverization. If pulverization advances, hydrogen gas will not flow easily by lock out, or 
fines will be mixed with the flow of hydrogen gas and will move into gas piping. Therefore, this pulverization is 
long-term repeat hydrogen absorption / discharge life of a hydrogen storing metal alloy, (namely, endurance) It 
becomes the big cause of a fall. 

[0014] Although the Ti-Cr-V system hydrogen storing metal alloy and Ti-V-nickel system alloy which were 
mentioned above are developed as an alloy with much hydrogen storage capacity, predetermined hydrogen storage 
capacity is not reached in many cases in fact, and the problem of the endurance by the above-mentioned 
pulverization cannot be solved, either. 

[0015] For example, when it manufactures by the arc process as indicated by this official report, since solidification 
speed is slow, a Ti-Cr-V system hydrogen storing metal alloy given in JP,59-38293,B is low TiCr2 of hydrogen 
storage capacity as the 2nd phase. An intermetallic compound deposits at a remarkable rate and hydrogen storage 
capacity falls. Moreover, a crack enters with this 2nd phase as the starting point into the repeat of hydrogen 
absorption and discharge in the end of an alloy powder, and there is also a trouble that pulverization is promoted. 
[0016] After it holds a hydrogen storing metal alloy given in JP,7-252560,A at the elevated temperature of 1200- 
1400 degrees C in order to reduce the 2nd above-mentioned phase, and it considers as a cubic single phase 
organization in the example, the process which quenches with water cooling immediately is taken. However, since 
big and rough-ization of crystal grain arises in the case of heating-at-high-temperature maintenance, even if the 
amount of deposits of the 2nd phase decreases, the intensity of the material itself becomes weak by big and rough- 
ization, and it becomes easy to carry out pulverization of it by this method. In case it moreover mass-produces 
industrially, in order to use a large-sized ingot, also with water cooling, sufficient cooling rate is not obtained, but 
the big and rough sludge of the 2nd phase which makes a Ti-Cr compound a subject is formed, and hydrogen 
storage capacity also falls. 

[0017] A Ti-V-nickel system hydrogen storing metal alloy given in each official report of JP,7-268513,A and 7- 
268514 is the Ti Ni alloy phase of the 2nd phase, or AB2 to the grain boundary of the host phase which consists of 
a Ti-V system alloy. A type RABESU alloy phase has the organization in which the 3-dimensional mesh frame was 
formed. In order that this grain -boundary phase may raise reactivity with the hydrogen of an alloy, even if a host 
phase has some oxidization, absorption and discharge of hydrogen gas are possible through this grain -boundary 
phase. However, in order to deposit the 2nd low phase of hydrogen-absorption capacity in a large quantity so that 
the 3-dimensional network structure is formed, the hydrogen quantity to be stored of the whole alloy falls. 
Moreover, the problem of the pulverization on the basis of the 2nd phase is not avoided, either. 



[0018] The oxidation resistance of a hydrogen storing metal alloy is also an important property . If left by the 
hydrogen storing metal alloy in the atmosphere, a front face will oxidize and an oxide film will be formed. 
Especially as for V content alloy, an oxide film is easy to be formed. This oxide film cannot serve as an obstacle of 
hydrogen absorption, and cannot demonstrate predetermined hydrogen-absorption capacity. Therefore, in order that 
hydrogen storing metal alloy powder may remove an oxide film before use, activation is needed in many cases. 
This activation puts the end of an alloy powder into a proof-pressure container, is performed by carrying out the 
object for intercropping of the high-pressure hydrogen gas of dozens kg/cm2 several one day - days at an elevated 
temperature and requires costs for both a container and processing. Therefore, the hydrogen storing metal alloy 
powder which cannot oxidize easily even if it leaves it in air so that activation may become unnecessary is called 

[0019] Although it is effective in oxidation-resistant improvement in hydrogen storing metal alloy powder, since 
metallic coating of the hydrogen storing metal alloy powder by electroless deposition given in JP,60- 190570, A is 
what responded to this request and it is Cu and nickel in which a covering metal does not have hydrogen-absorption 
capacity at all, only in the part of a covering metal, hydrogen storage capacity decreases. 
[0020] this invention is repeat hydrogen absorption / discharge life over a long period of time that it has high 
hydrogen-absorption capacity applicable to the use of storage and transportation of hydrogen gas, refining and 
separation of hydrogen gas, a heat transport and a cooling system, a hydrogen compressor, etc., and is hard to carry 
out pulverization (endurance) It excels and is comparatively low (150 degrees C or less). Even if you can use it at 
temperature and you leave it in the atmosphere, let the thing with little degradation of a hydrogen-absorption 
property for which a comparatively cheap hydrogen storing metal alloy 

[Means for Solving the Problem] For this invention persons, the small Ti-Cr-V system hydrogen storing metal alloy 
of the diameter of crystal grain manufactured by the rapid solidification method is [ high hydrogen-absorption 
capacity and ] outstanding repeat hydrogen absorption / discharge life, (endurance) It had and the thing near the 
room temperature which can be comparatively used at low temperature was found out previously. 
[0022] This hydrogen storing metal alloy is H/M (ratio of the number of hydrogen atoms to the composition atomic 
number which constitutes an alloy by which occlusion was carried out). 1 .5 It is a maximum of 1 .7 above. 
Maximum hydrogen storage capacity on the theory of the body-centered cubic lattice metal still represented by V 
although the high hydrogen storage capacity of a base is shown (H/M=2) When compared, it was still somewhat 
low and room to increase hydrogen storage capacity further remained. When other little elements were added to the 
above-mentioned alloy composition as a result of subsequent research, it turns out that hydrogen storage capacity 
increases further, and this invention was reached. 

[0023] this invention is formula:Tia Vl-a-b-c-d Crb Ac Bd. It is the hydrogen storing metal alloy which has the 
composition expressed and is characterized by the diameter of average crystal grain of the main phase being 40 
micrometers or less. In the upper formula A Mn, Fe, Co, Cu, Nb, Zn, Zr, One sort or two sorts or more of elements 
chosen from Mo, Ag, Hf, Ta, W, aluminum, Si, C, N, P, and B are meant. B is Ln (lanthanoids system metal). And 
one sort or two sorts or more of elements chosen from Y are meant. The value of a is 0.2. It is 0.5 above. The value 
of the following and b is 0.1. It is 0.4 above. The value of the following and c is 0.01 or more and 0.2. The value of 
the following and d is 0.001. It is 0.03 or less above. 

[0024] The small hydrogen storing metal alloy of this diameter of crystal grain can be manufactured by the rapid 
solidification method. In the suitable mode of this invention, it has nickel addition layer to which a hydrogen 
storing metal alloy makes a Ti-nickel compound a subject on a front face, the front face of a hydrogen storing metal 
alloy which manufactured this nickel addition layer by ** rapid solidification method - nickel - covering - 
subsequently or it heat-treats at the temperature of 400-1000 degrees C - or ** - it can form by the mechanical 
alloying method covering the front face of this hydrogen storing metal alloy with nickel 

[0025] . , . r 

[Embodiments of the Invention] Hereafter, the hydrogen storing metal alloy and its manufacture method ot this 
invention are explained in detail. The feature of the hydrogen storing metal alloy of this invention is (1). Tia VI -a- 
b-c-d Crb Ac Bd (the inside of ** formula and a formula, and A, B and a-d are the same as the above) The chemical 
composition shown and (2) The diameters of average crystal grain of the main phase are 40 micrometers or less and 
two points of being detailed. , 
[0026] The main phase of this hydrogen storing metal alloy is a body center cubic, this crystal lattice consists ot 
three elements of Ti, V, and Cr, and the part is the solid solution replaced by A element. Above (2) The detai ed 
diameter of average crystal grain of the main phase is obtained by manufacturing a hydrogen storing metal alloy by 
rapid solidification methods, such as a chill roll method and the gas atomizing method. Therefore, it can be said that 



the hydrogen storing metal alloy of this invention is "an alloy with the chemical composition shown by the above- 
mentioned ** formula by which rapid solidification was carried out." For example, if the cooling rate at the time of 
solidification becomes slow like an arc solution process, since crystal grain will grow and it will become big and 
rough during solidification, the diameter of average crystal grain of the main phase exceeds 40 micrometers. 
[0027] The hydrogen storing metal alloy of this invention has high hydrogen-absorption capacity, and it excels in 
endurance that it is hard to carry out pulverization, and is [ near the room temperature ] comparatively low (150 
degrees C or less). The reason which can be used at temperature is guessed as follows. 

[0028] The Ti-V-Cr system alloy of a body center cubic which carried out rapid solidification as this invention 
persons found out previously is 0.1 MPa near atmospheric pressure. Hydrogen equilibrium pressure (balanced gas 
** of hydrogen absorption and release reaction) Since the shown temperature can be as low as below 1 50 **, and a 
lot of [ the temperature requirement below 150 ** ] hydrogen can be absorbed and it is hard to carry out 
pulverization, it excels in repeat hydrogen absorption / discharge life. 

[0029] However, this high hydrogen storage capacity or outstanding endurance are not acquired like an arc solution 
process with the alloy with which the solidification after the dissolution was manufactured by the late conventional 
method. This is TiCr2 with little hydrogen storage capacity, when the cooling rate at the time of solidification falls. 
The 2nd phase made into a subject is because it deposits at a remarkable rate during solidification. It is made easy 
to happen pulverization, since the sludge of this 2nd phase makes impossible reversible discharge of the hydrogen 
which it reduced hydrogen equilibrium pressure and it not only reduces hydrogen storage capacity, but absorbed it 
and serves as an origin of an intergranular fracture further. If it puts in another way, since there are very few 
amounts of deposits of this 2nd phase, in the hydrogen storing metal alloy of this invention, the fall and 
pulverization of hydrogen storage capacity resulting from this phase are avoidable. 

[0030] According to this invention, hydrogen storage capacity can be increased further, maintaining a former alloy 
and the property which absorbs and emits hydrogen gas by temperature and the pressure mostly, and also 
suppressing formation of the 2nd phase of the above by adding the element shown in the Ti-V-Cr system alloy by 
which rapid solidification was carried out by A and B of the above-mentioned ** formula. The reason is considered 
as follows, although not necessarily solved completely. 

[0031] A element (Mn, Fe, Co, Cu, Nb, Zn, Zr, Mo, Ag, Hf, Ta, W, aluminum, Si, C, N, P, B) It is replacing by Ti, 
V and Cr which constitute the body center cubic of the main phase, and expanding a grid size, and it is expected 
that the hydrogen storage capacity of the alloy itself is raised. If these elements also have a slow cooling rate after 
the dissolution, it will be easy to form an intermetallic compound with Ti or Cr, carbide, and a boride, and 
hydrogen storage capacity will fall. Therefore, in order to obtain high hydrogen storage capacity and to suppress 
crystallization or a deposit of such a compound, it is necessary to carry out rapid solidification. Thereby, the 
pulverization from which this compound serves as an origin is also suppressed. 

[0032] B element (a lanthanoids system metal <Ln> or Y) It is thought that it hardly exists in the body center cubic 
of the main phase, but the impurity oxygen and the oxide which are contained in an alloy are formed, and it exists. 
Although impurity oxygen exists in the state of invading between the metal atoms of the body center cubic of the 
main phase, the position upon which these elements trespass is also a position upon which a hydrogen atom 
trespasses, when occlusion of the hydrogen is carried out. Therefore, this impurity oxygen becomes the cause of 
decreasing hydrogen storage capacity in order to take up a hydrogen invasion site. If Ln and Y which are easy to 
combine with oxygen are added, impurity oxygen will be driven away out of the main phase, and what hydrogen 
storage capacity increases will be presumed. 

[0033] The atomic ratio of each element of the hydrogen storing metal alloy of this invention was examined so that 
high hydrogen storage capacity might be obtained the low temperature below 150 **, and near the atmospheric 
pressure, and it was determined as mentioned above. Next, the reason is explained. In addition, as shown in the 
above-mentioned ** formula, each amount of each element is an atomic ratio, and the sum total is 1 
[0034] Titanium If the amount of (Ti) Ti increases, the grid size of a body center cubic which is the alloy main 
phase will be expanded, and hydrogen storage capacity will increase. It is 0.2 in order to obtain high hydrogen 
storage capacity. If the above Ti is required and there are few amounts of Ti than this, hydrogen storage capacity 
will become low. Although hydrogen storage capacity increases, hydrogen equilibrium pressure falls in connection 
with it, and it becomes impossible to use it near a room temperature and the atmospheric pressure, so that there is 

much titanium. . 
[0035] Even if it adds Cr, it becomes impossible to raise hydrogen equilibrium pressure to near the atmospheric 
pressure, if the amount of Ti exceeds 0.5, although Cr is added in this invention as an element which raises 
hydrogen equilibrium pressure. Moreover, life [ as opposed to repeat hydrogen absorption and discharge of a cause 
in pulverization ] when there are too many amounts of Ti (endurance) It falls. The viewpoint of the balance of 



endurance to hydrogen storage capacity and amount of Ti 0.2 or more and 0.5 It considers as the following and .s 
0 3 preferably. It is 0.3 more preferably 0.45 or less above. It is 0.4 above. It is the fol owing. 
[00361 Chromium Although hydrogen storage capacity will increase if the amount of (Cr) Cr(s) .ncreases, since it is 
not so large as Ti the extent, the key objective of Cr addition is in control of hydrogen equilibrium pressure. 
Therefore! the amount of Cr(s) changes with the service temperatures and hydrogen equilibrium pressure which are 
made into the amount of Ti, or the purpose. However, the amount of Cr(s) is 0.1. At the following the amount of T. 
is 0 2 The hydrogen equilibrium pressure in a room temperature becomes quite lower than .atmospheric pressure at 
a case, and it becomes impossible to be unable to absorb hydrogen and to emit it in reversible, near the room 

IM3710n*e other hand, Cr is 0.4. TiCr2 which deposits as the 2nd phase if it exceeds The amount of a phase 
increases- not only hydrogen storage capacity falls, but pulverization becomes easy to happen and the life over 
hydrogen absorption and discharge falls repeatedly. The viewpoint of the balance of endurance to hydrogen storage 
capacity and amount of Cr(s) 0.1 or more and 0.4 It considers as the following and is 0.2 preferably. It is 0.4 above. 
It is 0 2 more preferably hereafter. It is 0.35 or less above. 

100381 Vanadium At the 2 yuan system of (V) Ti-Cr, it is TiCr2 as the 2nd phase. It forms mostly and a life 

repeatedly as opposed to hydrogen absorption and discharge with hydrogen storage capacity ] falls, ^orogen 
equilibrium pressure is too low and use near the room temperature also becomes difficult. Therefore, V .s added 
together Many body center cubic phases of the main phase are obtained by addition of V, and hydrogen storage 
capacity increases. The amount of V is automatically determined by the amount of Ti, Cr, A element, and B 
clement 

[0039] A element (Mn, Fe, Co, Cu, Nb, Zn, Zr, Mo, Ag, Hf, Ta, W, aluminum, Si, C, N, P, B) These alloying 
elements are elements effective for replacing by Ti, Cr, or V that is the metal which constitutes the body center 
cubic of the main phase, expanding a grid size, and making hydrogen storage capacity increase. 
[00401 Since these elements tend to form Ti or Cr, an intermetallic compound, carbide, and a bonde, they can 
seldom be added in a large quantity, so that it may be expected from each 2 yuan system state diagram. The amount 
of A element is 0 2 If it increases, there is little hydrogen storage capacity, or since many compounds, such as the 
above-mentioned intermetallic compound which does not carry out occlusion of the hydrogen, are formed the 
hydrogen storage capacity of the whole alloy will decrease on the contrary. On the other hand, .f there are few 
amounts of A element than 0.01, the increase in the hydrogen storage capacity by addition will not be accepted. 
r00411 The amount of the balance of the amounts of formation, such as an intermetallic compound, and hydrogen 
storage capacity to A element is 0.01 or more and 0.2. It considers as the following and is 0.05 or more and 0. 1 5 or 
less more preferably 0.1 5 or less 0.03 or more. . 
r0042] B element [Ln (lanthanoids system metallic element) and Y] - these alloying elements are added in order to 
make the impurity oxygen and the compound which exist in the hydrogen invasion site of the main phase of an 
alloy form Therefore, the amount of B element is influenced by the amount of impunty oxygen m an alloy. A tew 
amount is enough, if a raw material with few impurities is used, although it is necessary to add mostly and is 
expensive if a raw material with many impurities is used, although it is cheap at the time of alloy manufacture. 
r0043] If use of a scrap etc. is taken into consideration although the amount of impunty oxygen of an alloy is 
usually less than [ lwt% ] even if it uses a cheaply available raw material industrially, going up to more than 2wt/o 
will also be considered. Generally Ln and Y are [ oxygen and ] B-2 03. In order to form the oxide of type it is 
enough if equivalent amount grade addition is carried out by impurity oxygen and the atomic ratio. Therefore, the 
upper limit of the amount of B element was set to 0.03. Even if it adds B element in a large quantity from this, it 
leads to cost increase only by increasing superfluous Ln which does not have big influence on a hydrogen- 
absorption property, and Y. 

[00441 On the other hand, the amount of B element is 0.001. Below, impurity oxygen cannot be removed and 
hydrogen storage capacity does not increase. As mentioned above, it is the amount of B element 0.001 Although 
carried out to 0 03 or less above, this amount is made to fluctuate within the limits of this with the amount of 
impurity oxygen of an alloy, therefore the purity of a raw material to be used, as explained above 
r00451 Thus since there are very few additions of expensive B element, the cost increase by the addition .s slight. 
Moreover although B element forms an oxide by the grain boundary of the main phase, since the amount is few as 
mentioned above, the bad influence of the hydrogen storage capacity by it decreases compared with increase of the 
hydrogen storage capacity by addition of this oxide. Moreover, since these oxides have the effect of suppressing big 
and rough-ization of the grain size number under heat treatment, they can make the upper limit of the heat treatment 
temperature which can obtain a fine crystal organization higher than the case of a Ti-V-Cr alloy by B element 
addition. Therefore, heat treatment time becomes short. 



r00461 If the alloy called cheap misch metal which is the alloy of the rare earth metal and contains many 
lanthanoids system metals although it is also possible for a lanthanoids system metal to carry out mdependent 
addition of the elements refined as a pure metal, such as La and Ce, is used, the manufacturing cost of the hydrogen 
storing metal alloy of this invention will fall further. ... t ■ ,, 

[0047? As explained more than the diameter of average crystal grain of the main phase, the hydrogen storing metal 
alloy of this invention succeeds in adding two kinds of elements, A and B, into the Ti-Cr-V system alloy which 
makes the main phase a body center cubic with much [ from the first ] hydrogen storage capacity, and increasing 
hydrogen storage capacity further. . 
r0048] However it is the solidification speed after the hydrogen storage capacity of this alloy changing wi th the 
diameters of average crystal grain of the manufacture method or the main phase even if it has the chemical 
composition of this Ti-Cr-V-A-B system, and dissolving at the time of alloy manufacture, (cooling rate) When .t 
became late and the diameter of average crystal grain of the main phase exceeded 40 m.crometers, even if it was the 
same composition, it became clear that hydrogen storage capacity falls. 

[0049] This is TiCr2 when solidification speed falls. In order that this sludge may have little hydrogen storage 
capacity of itself or may not carry out occlusion of the hydrogen, when the amount of sludges, such as an 
intermetallic compound with A element mentioned above, carbide, and a boride, increases, and its amount ot the 
increases, the hydrogen storage capacity as the whole alloy is for falling. 

r00501 Moreover TiCr2 If the amount of other sludges increases, since Ti in the alloy phase of a body center cubic 
which is the main phase, and the amount of Cr(s) will fall, it originates mainly in the amount reduction of Cr(s), the 
hydrogen equilibrium pressure which is balanced gas ** of hydrogen absorption and release reaction falls the 
hydrogen storage capacity of the main phase not only decreases, but, and it becomes impossible to emit the 
hydrogen absorbed in reversible. 

[0051] Furthermore, pulverization when carrying out repeat hydrogen absorption / discharge examination, when the 
solidification speed at the time of alloy manufacture became slow and the diameter of average crystal grain ot the 
main phase exceeded 40 micrometers (it can judge by the fall of a powder mean particle diameter) It becomes 
remarkable and is an alloy life, (endurance) The remarkable thing also made the fall clear. The main factor of this 
pulverization is above TiCr2. It is presumed that it is an intergranular fracture on the basis of sludges, such as an 
intermetallic compound with A element. Therefore, if solidification speed becomes slow and the amount of such a 
sludge increases, the origin of pulverization will increase and pulverization will become easy to happen. 
[0052] At the hydrogen storing metal alloy of the above knowledge to this invention, it is the main phase, (body 
center cubic) The diameter of average crystal grain is limited to 40 micrometers or less. Thereby, it is TiCr2. In 
order that the amount of generation of sludges, such as an intermetallic compound with A element, may decrease 
remarkably hydrogen storage capacity increases and the alloy in which the high hydrogen storage capacity beyond 
H/M=l 80 approaching the maximum hydrogen storage capacity on the theory of a body center cubic metal is 
shown is obtained MmNi5 which the pulverization at the time of hydrogen absorption and discharge stops being 
able to happen easily repeatedly simultaneously, and is a typical rare earth system hydrogen storing metal alloy The 
endurance excellent more remarkably than a system intermetallic compound over hydrogen absorption and 
discharge comes to be shown repeatedly. 

[0053] In order to improve further these properties of the hydrogen storing metal alloy of this invention, it is 
desirable that 20 micrometers or less of diameters of average crystal grain of the main phase are especially 1 5 
micrometers or less. Moreover, TiCr2 formed as the 2nd phase It was it hard coming to generate pulverization that 
the diameter of average crystal grain of sludges, such as an intermetallic compound with A element, was 5 
micrometers or less, and it became clear to hardly carry out pulverization to it being 2 micrometers or less. 
[0054] The diameter of average crystal grain of the main phase can manufacture the hydrogen storing metal alloy ot 
this invention 40 micrometers or less by the rapid solidification method, as mentioned above. The method of 
concrete rapid solidification is not limited as long as an alloy with the above-mentioned diameter of average crystal 
grain is obtained As an employable rapid solidification method, it is the method of carrying out teeming of the 
alloy molten metal on a rotational electrode process, a rotating drum, or a roll, (an example, a single roll, or 
congruence chill roll method) A method, the gas atomizing method, etc. which are thinly cast to up to a water- 
cooled copper plate are mentioned. 

[0055] A rotational electrode process and the atomizing method have [ among these ] a powder configuration 
advantageous at the point that pack density becomes high in a globular form substantially, when the trituration 
process for being able to manufacture the spherical-powder end of a hydrogen storing metal alloy, and carrying out 
the pulverization becomes unnecessary. In the case of other methods, the hydrogen storing metal alloy obtained if 
needed is ground and it is made powder. As the trituration method, both hydrogenation trituration and machine 



trituration can be adopted and both may be used together. 

ra056] It is appropriate for the hydrogen storing metal alloy of this invention to consider as the powder gestalt 
whose mean particle diameter is about 10-50 micrometers. Thereby, a surface area increases and absorption and 
release reaction of hydrogen are promoted. If required, a classification will adjust a mean particle diameter. 
00??] The hydrogen storing meial alloy of this invention manufactured by the rapid solid.ficat.on method has a 
minute quenching distortion This quenching distortion is the endurance of the hydrogen storing metal alloy of this 
mSo (pulverization) Although not generated, especially a remarkable bad influence may heaMrea a hydrogen 
storing metS alloy by request, and may remove this quenching distortion. As for this heat treatment, it is desirable 
to carrv out in a vacuum or inert gas in order to prevent oxidization of an alloy. 

OOSSnt is necessary to set up heat treatment conditions so that there may be no b.rd clapper during heat treatment 
Ire g auy [ the diameter of average crystal grain of the alloy main phase ] than 40 micrometers. This condition .. 
usuall? temperature, although it changes also with diameters of average crystal grain of the mam phase of ^the 
hydrogen storing metal alloy manufactured by the rapid solidification method, ft is w.th.n the l.m.ts of 400-1000 
degree-Cx 1 - 20 hours. However, when heat treatment temperature is as h lg h as for example, more than 900 , 
heft treatment time is shortened and it is made for the diameter of average crystal gram of the al oy ma.n phase 
after heat treatment not to exceed 40 micrometers. Since the heat treatment temperature of a T.-V-Cr alloj is 
generally below 750 **, the upper limit of heat treatment temperature can be made high by addition of B element. 
f0059] When forming in an alloy front face nickel addition layer which makes a T,-n.ckel compound a subject .n 
order to raise the oxidation resistance of the hydrogen storing metal alloy of this invention so that it may mention 
later it may heat-treat by the morphosis of this layer, and quenching distortion is also removed during this heat 
treatment. Therefore, heat treatment of only the purpose of removal of the quench.ng d.stort.on in that case is 

SrSydrogen storing metal alloy of this invention is the low temperature near the room temperature, when 
t is left in the atmosphere, (an example, 80 degrees C) The measured hydrogen absorbed dose may decrease. That 
s f Sis alloy is left in the atmosphere, a front face will oxidize, and this oxide film is considered that ,t becomes 
an obstacle and the hydrogen storage capacity in low temperature decreases. Thus, the hydrogen stonng metal alloy 
to which hydrogen storage capacity fell by air neglect is among high-pressure hydrogen gas. (an example, 20 
atmospheric pressure) If you make it heated and activated to 500 **, the hydrogen absorbed dose will increase and 
the absorbed dose before neglect will be recovered. However, as mentioned above, this activation requ.res costs. 
[0061] It is desirable to improve the oxidation resistance of the hydrogen storing metal alloy of Jis invention so 
mat it may not oxidize, even if it contacts the atmosphere, in order to avoid the above-mentioned activate with the 
equipment using the hydrogen storing metal alloy, since contact to the atmosphere is completely unavo.dable in 

Sv^rSukrf examining this point, when the front face of the hydrogen storing metal alloy of this invention 
was covered with nickel like the publication to JP,60- 190570, A, it became clear that the oxidat.cn resistance of an 
alloy is improved. However, although this technique is effective in oxidation-resistant improvement since the 
nickel itself which covered the alloy front face does not almost have hydrogen-absorption capac.ty, the hydrogen 
absorbed dose per alloy unit weight falls. _ 

?0063] Then, when changed into nickel addition layer which nickel enveloping layer on the front face of an alloy ,s 
made to react with the Ti-V-Cr-A-B system alloy used as abase material as a result of inquiring further, and makes 
a Ti-nickel compound a subject, since this nickel addition layer has bigger hydrogen-absorpt.on capacity than pure 
nickel it turns out that oxidation resistance can be given to a hydrogen storing metal alloy, without reducing most 
hydrogen absorbed dose. Therefore, in the suitable mode, the hydrogen stonng metal alloy of this invention has 
nickel addition layer which makes a Ti-nickel compound a subject on the alloy front face. Oxidation resistance 
improves by that cause, without reducing hydrogen storage capacity substantially, and the activation mentioned 
above becomes unnecessary, or it is mitigated very much. , ,,, tU a ■ i 

[0064] The covering method of nickel on the front face of an alloy is a physical method, (the method equivalent to 
the mechanical alloying mixed with an example, the method of mixing nickel .mpalpable powder and the end of an 
alloy powder a ball mill, etc. is also included) Chemical method (an example, electrolysis n.ckel plating, non- 
eleclrdyzed nickel plating) Any are sufficient and there is especially no limit. Although the »«™» * * 
nickel changes also with powder mean particle diameters of a hydrogen stonng metal alloy, 5 - 10 A of the weight 
is usually preferably suitable for it one to 20% of the weight to a hydrogen stonng metal alloy. As long as it is 
required before this nickel covering, pickling processing of the hydrogen stonng metal alloy may be earned out 
from the acid of non-oxidizing qualities, such as fluoric acid and a hydrochlonc ac.d, and the ox.d.z.ng zone on the 
front face of an alloy may be removed. 



[0065] After covering the front face of a hydrogen storing metal alloy with nickel, nickel addition layer which 
makes a Ti-nickel compound a subject is formed in a front face by heat-treating, making Ti component in a base 
material alloy nickel in surface coating react, and changing nickel layer to the high Ti-nickel compound of 
hydrogen-absorption capacity. Since this nickel addition layer has incorporated Cr from the base material, it excels 
the 2 yuan system intermetallic compound of Ti-nickel in oxidation resistance. 

[0066] It is desirable to also perform this heat treatment in a vacuum or inert gas in order to prevent oxidization of 
an alloy Heat treatment conditions are set up so that it will not change big and rough, by the time the diameter of 
average crystal grain of the main phase of a base material alloy exceeds 40 micrometers during this heat treatment. 
This viewpoint to heat treatment temperature It considers as the range of 400-1000 degrees C, and heat treatment 
time is set up so that the above-mentioned big and rough-ization may not take place. If heat treatment temperature 
exceeds 1000 degrees C, big and rough-ization of the sludge of the 2nd phase progresses, and the hydrogen 
absorbed dose will fall or it will become easy to carry out pulverization of the diameter of average crystal grain to 
hydrogen absorption and discharge by the repeat. On the other hand, the generation reaction of a Ti-nickel 
compound cannot progress easily under by 400 **. Desirable heat treatment temperature It is 450-900 **. 
[0067] However, it is a long time for example, in a ball mill about nickel covering, (an example and 100 - 1000 
hours) Since it is nickel addition layer which generated nickel covering already reacts with Ti in a base material 
alloy, and makes a Ti-nickel compound a subject when it carries out by the mechanical alloying method for 
carrying out, it is not necessary to heat-treat for a reaction. 

[0068] , . 

[Example] In production of an examination alloy, it is a RF solution process. (5 kg/ch) Button arc solution process 
(button size : 250 g/ch and 50 g/ch) Single chill roll method which used the copper roll (20 g/ch) The Ar gas 
atomizing method (10 g/ch) Or rotational electrode process (500 g/ch) It used. The raw material used for 
manufacture of an alloy molten metal is a misch metal which is the alloy of a purity 99wt% titanium sponge, a 
purity 98wt% vanadium purity 99wt% chromium, and the lanthanoids system rare earth metal. (It is written as 
Ln) It was purity 99wt% Fe, Mn, Co, Nb, Y, Zn and Zr, and purity 99.9wt% aluminum, Ag, Hf, Ta, W, Mo, and Cu 
(total La=46wt% and Ce=5wt% and Nd=37wt% and Pr=10wt% and rare earth content 99.5wt%). Light element (Si, 
C, N, P, B) Compound with Ti or Cr (TiC, TiB2 grade) It added. 

[0069] They are 300 ** and 2.5 MPa about the alloy obtained by methods other than the gas atomizing method 
powder is obtained directly, and a rotational electrode process. After hydrogenating in hydrogen gas for 5 hours, it 
ground mechanically, and it was made powder. Any end of an alloy powder is 100. The powder below mum was 
sorted out and used with the sieve. About a part of gas atomization material, in order to enlarge the diameter of 
average crystal grain, it heat-treated in argon atmosphere. The characterization method of an examination alloy is 
explained below collectively. . . 

[0070] Hydrogen gas absorption, emission characteristic hydrogen gas absorption, and the emission characteristic 
were measured by the activation zero method using G BERUTSU type equipment. Measurement is 3.0MPa after 
putting in and carrying out evacuation of the examination alloy to a container and determining a zero. Under 
hydrogen pressure It carried out, after heating and carrying out activation to 300 - 500 **. ln order to remove the 
influence of oxidization of a front face in the end of an alloy powder in mechanical trituration, it is a 5vol% 
hydrofluoric acid about an examination alloy before activation, (fluoric acid) Pickling was carried out in solution. 
[0071] the hydrogen-desorption-absorption cycle used for measurement -- the temperature of 80 degrees C -- it is - 
hydrogen pressure - 3.0 MPa from -- the hydrogen gas discharge lowered to 0.01 MPa, and hydrogen pressure ~ 
0.01 MPa to 3.0 MPa up to -- it consists of hydrogen gas absorption to pressurize 

[0072] Hydrogen storage capacity produces a hydrogen-desorption curve at the time of hydrogen gas discharge of 1 
cycle eye, and is pressure IMPa. The value of hydrogen storage capacity was calculated and it evaluated by 
converting this amount of hydrogen into H/M which is the ratio of the absorbed number of hydrogen atoms to the 
metal atomic number which constitutes an alloy. H/M considered 1.80 or more as success. 
[0073] The influence of the pulverization by the pulverization repeat hydrogen absorption and discharge by repeat 
hydrogen absorption and discharge is the aforementioned hydrogen-desorption-absorption cycle 300 It measured 
and evaluated which powder with a particle size of 20 micrometers or less increased after cycle ******. The 
particle-size-distribution measuring device of a laser diffraction formula was used for the particle size analysis. 
Since the difference was in powdered particle size distribution by the manufacture method, evaluation computed the 
fines rate of increase compared to the amount on the basis of the particle weight 20 micrometers or less before an 
examination by the following formula, and evaluated it. It is success if the fines rate of increase is 15% or less. 
[0074] 
[Equation 1] 



A-B 



X 100 
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[0075] After measurement of the diameter of crystal grain of the main phase of the diameter examination alloy of 
crystal grain embedded the alloy before trituration at the epoxy resin and ground it, it **********ed by the mixed 
acid of 0.4 vol% fluoric acid and a lvol% nitric acid, was observed with the optical microscope, and it was 
performed, and the average of the measurement result of 20 crystal grain chosen at random was made into the 
diameter of average crystal grain. Since it was detailed, the particle size of the sludge of the 2nd phase is SEM 
(secondary electron microscope). It used and measured and the average was calculated like the top. 
[0076] Oxidation-resistant evaluation of the hydrogen storing metal alloy which carried out nickel covering of the 
oxidation-resistant front face, and formed nickel addition layer, the constant temperature of the temperature of 25 
degrees C, and 65% of humidity -- G BERUTSU [ after leaving it for one week in the air atmosphere of constant 
humidity ] type hydrogen absorption / discharge testing device -- using -- activation - nothing - 80 degrees C - 
3 0 MPa The absorption test of hydrogen gas was performed and the decreasing rate of the hydrogen storage 
capacity in comparison with the hydrogen storage capacity of the alloy before forming nickel addition layer was 
computed by the following formula. It is success if the decreasing rate of hydrogen storage capacity is 10% or less. 

[0077] 
[Equation 2] 



performance of a hydrogen storing metal alloy. As a method of producing a hydrogen storing metal alloy, since 
only the rapid solidification method was adopted, each diameter of average crystal grain of the main phase was 40 
micrometers or less, and many were 20 micrometers or less. The measurement result of the hydrogen storage 
capacity of each alloy and the fines rate of increase is shown in Table 1 with alloy composition and the producing 




method. 
[0079] 
[Table 1-1] 
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[0080] 
[Table 1-2] 
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[0081] As Table 1 shows, it is low temperature near [ of 80 degrees C ] the room temperature comparatively, and 
each hydrogen storing metal alloy whose alloy composition is within the limits of this invention is understood that 
H/M shows high hydrogen storage capacity called 1.80 or more, and the rate of pulverization by repeat hydrogen 
absorption / discharge examination is as low as 15% or less, and there is much hydrogen storage capacity also near 
the room temperature, and there is little degradation by repeat hydrogen absorption and discharge. 
[0082] On the other hand, No.46 which did not add A and a B car element With the alloy, hydrogen storage 
capacity was low. No.59 which added only one element of A and B, and 60 Increase of hydrogen storage capacity 
was [ but ] inadequate. Simultaneously with the fall of hydrogen storage capacity, the rate of pulverization also 
increased with the alloy of No.47-53 which had too many additions of A element. No.54 which had too many 
additions of B element Hydrogen storage capacity fell with the alloy. Even when the addition of A and a B car 
element was suitable, when each of alloys of No.55-58 with the content of Ti, Cr, and V out of range [ this 
invention ] had low hydrogen storage capacity and there were too many Ti and amounts of Cr, the rate of 
pulverization became large. 

[0083] (Example 2) this example is an example which considered the influence the diameter of average crystal 
grain of the main phase affects the performance of a hydrogen storing metal alloy about the hydrogen storing metal 
alloy from which the diameter of average crystal grain of the main phase produced by the various manufacture^ 
methods differs. The chemical composition of a hydrogen storing metal alloy is Ti=0.30, V- 0.24, Cr=0.30, A- 
0 15 (Mn=0 04 Fe=0.03, Cu=0.03, aluminum=0.03, B= 0.05), and B= 0.01 (Ln=0.01). It considered as the same 
composition In order to see the influence of the diameter of crystal grain, the examination alloy heat-treated after 



gas atomization was also produced. A test result is shown in Table 2. [0084] 
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[00851 If a hydrogen storing metal alloy is produced by the rapid solidification method as shown in Table 2, the 
alloy of a detailed organization 20 micrometers or less will be obtained for the diameter of average crystal grain of 
the main phase Although the diameter of crystal grain became big and rough when the hydrogen storing metal 
alloy of this detailed organization was heat-treated, when the diameter of average crystal grain of the main phase 
was 40 micrometers or less, both the hydrogen absorbed dose and the fines rate of increase were success^ About the 
diameter of average crystal grain, if it is 40 micrometers or less, there will be no bad influence to the hydrogen 
storage capacity and the fines rate of increase by heat treatment also at the hot heat treatment in the alloy of this 
invention 950 ** for a short time. However, the direction of an alloy 20 micrometers or less had the high-achieving 
diameter of average crystal grain which has not been heat-treated after rapid solidification, and the fines rate of 
increase became 10% or less the top where hydrogen storage capacity is also high. 

[0086] Moreover the desirable range of the suppression of pulverization especially of [ that the diameter ot average 
crystal grain of the main phase is 40 micrometers or less ] 2 micrometers or less also understands 5 micrometers or 
less also of diameters of average crystal grain of the sludge of the 2nd phase to be also a bird clapper from Table 2. 
[0087] On the other hand, as for the late button arc dissolution material and late RF dissolution material of 
solidification speed, the diameter of average crystal grain of the main phase exceeded 40 micrometers, and both 
hydrogen storage capacity and the fines rate of increase became a rejection. (No.6-8) When gas atomization 
material was heat-treated and heat treatment conditions were set up so that the diameter of average crystal grain 
might exceed 40 micrometers, hydrogen storage capacity and the fines rate of increase both fell greatly too (No.9, 

[0088] (Example 3) this example illustrates the oxidation-resistant improvement in the hydrogen storing metal alloy 
at the time of forming in an alloy front face nickel addition layer which makes a Ti-nickel compound a subject. 
Each examined hydrogen storing metal alloy is the powder produced by the Ar gas atomizing method The 
chemical composition of an alloy was taken as the same composition of Ti=0.30, V- 0.25, Cr=0.30, A- 0.14, and 
B= 0.01. (however, the element kind of A and B change) . 

[0089] nickel covering of the hydrogen storing metal alloy powder for forming nickel addition layer adopted both 
the physical method and the chemical method. By the physical method, after blending this 10% of the weight to the 
end of an alloy powder using nickel impalpable powder with a particle size of about 1 micrometer it mixed 
uniformly with the mortar or mixed with the ball mill for a long time. The chemical method formed about 10/o or 
the weight of nickel plating layer in the front face in the end of an alloy powder using commercial non-electrolyzed 
nickel plating liquid. In addition, though natural, even if it performs electrolysis plating, same nickel plating layer 

can be formed. , . , , _. . . . , 

[0090] After giving nickel covering by these methods, nickel addition layer which makes a Ti-n.cke compound a 
subject was formed in the alloy front face by heat-treating in argon atmosphere, making nickel enveloping layer 
react with the end of an alloy powder, and alloying. However, with the method of covering nickel powder with a 
ball mill mechanically, it is this ball mill mixture 100 Since alloying of nickel covering by mechanical alloying had 
taken place by carrying out time and for a long time, heat treatment was not performed. Moreover, as an example ot 
comparison, this heat treatment is not performed but it is only nickel covering, (non-electrolyzed nickel plating or 
mortar mixture) The test coupon carried out was also produced. 



[0091] In this way, it investigated by measuring hydrogen storage capacity, without carrying out activation of the 
oxidation resistance of the hydrogen storing metal alloy powder produced by the gas atomizing method for having 
formed nickel content layer on the front face after the neglect for one week in the atmosphere of predetermined 
conditions as mentioned above. About a test result, it is the formation method of nickel addition layer, (an upper 
case is the nickel covering method and the lower berth is heat treatment conditions) Existence of formation of the 
diameter of average crystal grain of the main phase, and a Ti -nickel compound phase (it checks by the X 
diffraction) It is shown in Table 3 . 
[0092] 
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11 Ti=0.30> V=0.25. Cr=0,30. A=0. \U B=0.01 



[0093] As shown in Table 3, nickel covering was given according to this invention, when nickel addition layer 
which makes a Ti-nickel compound a subject by making nickel covering of a parenthesis react with an alloy content 
was formed in the alloy front face, oxidization in the atmosphere of the hydrogen storing metal alloy of this 
invention was suppressed, and even if it measured hydrogen storage capacity, without carrying out activation after 
one-week neglect, the fall of hydrogen storage capacity was suppressed to 10% or less. That is, since a front face 
hardly oxidizes even if it deals with the powder of a hydrogen storing metal alloy in the atmosphere, the activation 
which handling becomes very easy and costs require does not have needlessness, and is mitigated. 
[0094] On the other hand, in the example of comparison, when nickel covering was not given at all, the hydrogen 
absorbed dose of the alloy-powder end after one-week neglect fell no less than 35% (No.9). However, even if it 
gave nickel covering, when nickel covering was not made to react with an alloy content by heat treatment or 
mechanical alloying, the hydrogen absorbed dose of the alloy-powder end after one-week neglect fell no less than 
19 to 24%. (No. 10, 11). That is, compared with the case of not covering, it turns out only by nickel covering that 
oxidation-resistant'improvement is remarkably few. Moreover, when the heat treatment conditions for the reaction 
after nickel covering were unsuitable and the diameter of average crystal grain of the main phase exceeded 40 
micrometers, hydrogen storage capacity fell greatly too under the influence of big-and-rough-izing. 



fEffect of the Invention] Hydrogen storage capacity is very as.high as more than H/M=l .80, and the hydrogen 
storing metal alloy of this invention is low temperature near the room temperature comparatively, (an example and 
below 150 **) Since it is hard to carry out pulverization even if it is easy to use for various uses and repeats 
hydrogen absorption and discharge over a long period of time, since absorption and discharge of hydrogen take 
place, the high hydrogen absorbed dose is held for a long period of time, (surpass endurance) And it .s 

STMoreovCT.Tnickel addition layer which makes a Ti-nickel compound a subject is formed in an alloy front 
face since the fall of the hydrogen absorbed dose when the oxidation resistance of an alloy improving remarkably 
and leaving it in the atmosphere will become very small, it becomes possible to deal with it easily in the 
atmosphere and the activation which costs require becomes unnecessary, or it is mitigated. Therefore, the hydrogen 
storing metal alloy of this invention is the the best for uses, such as an object for hydrogen gas storage / 
transportation, an object for hydrogen gas separation / refining, a heat-transport system and a cooling system, and a 
static compressor. 
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TECHNICAL FIELD 



TThe technical field to which invention belongs] this invention is the amount of hydrogen absorption, (hydrogen- 
absorption capacity) Highly and simultaneous, repeatedly, it is few, and property degradation by hydrogen 
absorption discharge can use at the temperature near the room temperature, and is related with the hydrogen storing 
metal alloy with the feature of being comparatively cheap excellent in endurance, and its manufacture method. The 
hvdrosen storing metal alloy of this invention with these features is an obj ect for hydrogen gas storage / 
transportation, and an object for hydrogen gas separation / refining, and especially the further is the the best for a 
heat-transport system, a cooling system, a static compressor, etc. 



[Translation done] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



PRIOR ART ^ 

Pescription of the Prior Art] If hydrogen gas burns, in order that it may become water and may form neither 
carbon dioxide gas nor a sulfur oxide like a fossil fuel, it is a clean energy source. 

[0003] Generally storage and transportation of hydrogen gas are compressed, and is performed as a high pressure 
gas. The cold-storage container of -253 ** is required for storage of liquid hydrogen, and the top where an 
evaporation loss is also large, since a lot of energy is required for liquefaction of hydrogen, it liquefies like nitrogen 
and stores because it is difficult. However, it is volume although the proof-pressure container which is heavy and is 
bulky is required for high-pressure hydrogen gas. It does not become about 1/200, but when it is inefficient-like, 
there is a problem also in safety. 

[0004] Then, using for storage and transportation of hydrogen gas the hydrogen storing metal alloy which can 
absorb and emit hydrogen gas in reversible by cooling and heating has been examined. The storage density of a 
hydrogen storing metal alloy of the hydrogen gas per unit volume is higher than a high-pressure hydrogen gas 
container, it becomes more nearly lightweight and the hydrogen gas storage container of a snug product, and 
transportation of hydrogen gas also becomes easy. Moreover, since it is low voltage, safety is high and strong also 
against the mechanical shock under transportation. 

[0005] The hydrogen storing metal alloy aiming at storage and transportation of hydrogen is developed 
conventionally, and is already used for storage of small-scale hydrogen. Moreover, the research of a low-pollution 
hydrogen fueled car which uses hydrogen gas as an alternate fuel of a gasoline is also progressing, and various 
kinds of hydrogen storing metal alloys including a FeTi system are examined by this as a hydrogen storage device. 
[0006] There is other the following in the use it is expected that utilization of a hydrogen storing metal alloy is. 
Absorption of the hydrogen of a hydrogen storing metal alloy (hydrogenation) Discharge (decomposition of a 
hydride) It is a reversible reaction accompanied by discharge and absorption of heat, and has a heat-chemical 
energy conversion function. It can be used for a cooling system using this function as storage and the space 
transportation system, and the chemical heat pump of heat energy. 

[0007] Moreover, if the hydrogen storing metal alloy which made hydrogen gas absorb at low temperature is heated 
to an elevated temperature, high-pressure hydrogen gas will be emitted. The function in which this transforms heat 
energy into mechanical energy is also achieved. This function can be used as heat drive type a static hydrogen 
compressor and an actuator. 

[0008] Absorption / discharge speed of the hydrogen gas of a hydrogen storing metal alloy is larger than 
absorption / discharge speed of other gas constituents, and has a difference also between hydrogen isotopes. 
Therefore, hydrogen separation of isotopes is possible for separation of the high grade hydrogen gas from mixed 
gas, refining of impure hydrogen gas, and a further by using a hydrogen storing metal alloy and making hydrogen 
or a specific hydrogen isotope absorb or emit alternatively. 

[0009] Thus, although there is a broad use in a hydrogen storing metal alloy, hydrogen storage capacity is the most 
important property to every use. Moreover, since the above-mentioned use needs comparatively a lot of hydrogen 
storing metal alloys for all, even if it repeats and uses a hydrogen storing metal alloy, there are few depressions and 
it is important to excel in endurance and that the price of an alloy is also comparatively cheap. Depending on a use, 
it is the comparatively low temperature near the room temperature, (an example and below 150 **) It is also called 
for that absorption and discharge of hydrogen take place. 

[0010] For example, LaNi5 which utilization preceded Or MmNi5 AB5 represented Since the hydrogen storing 
metal alloy of type is expensive, even if the amount of the hydrogen storing metal alloy used can use it for small 
rechargeable batteries, such as a few Ni-H battery, a price side to use is difficult for it for the use which needs a lot 
of hydrogen storing metal alloys called the object for hydrogen gas storage. Moreover, there is not so much 
hydrogen storage capacity. 



[001 1] To JP J 59-38293,B, it is comparatively cheap, and the Ti-Cr-V system alloy is indicated as a hydrogen 
storing metalalloy with much hydrogen storage capacity. As the manufacture method of an alloy, only the arc 
process is explained concretely. The hydrogen storing metal alloy which consists of the same components also as 
JP,7-252560,A is indicated. The analogous hydrogen storing metal alloy of a Ti-V-nickel system is indicated by 
JPJ-268513!a and JP,7-268514,A. 

[0012] Moreover, by covering copper and/or a nickel metal with wet electroless deposition to hydrogen storing 
metal alloy powder, influence of contamination by the impurity gas in atmosphere can be made small, and the thing 
with unnecessary initial-activity-izing which it is and can be mitigated by carrying out is explained to JP,60- 
190570,A. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] For the hydrogen storing metal alloy of this invention, it is very high and hydrogen storage 
capacity is [ more than H/M=1.80 and ] the comparatively low temperature near the room temperature, (an example 
and below 150 **) Since it is hard to carry out pulverization even if it is easy to use for various uses and repeats 
hydrogen absorption and discharge over a long period of time, since absorption and discharge of hydrogen take 
place, the high amount of hydrogen absorption is held for a long period of time, (surpass endurance) And it is 
comparatively cheap. 

[0096] Moreover, if nickel addition layer which makes a Ti -nickel compound a subject is formed in an alloy front 
face, since the fall of the amount of hydrogen absorption when the oxidation resistance of an alloy improving 
remarkably and leaving it in the atmosphere will become very small, it becomes possible to deal with it easily in the 
atmosphere, and the activation which costs require becomes unnecessary, or it is mitigated. Therefore, the hydrogen 
storing metal alloy of this invention is the the best for uses, such as an object for hydrogen gas storage / 
transportation, an object for hydrogen gas separation / refining, a heat-transport system and a cooling system, and a 
static compressor. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Absorption and discharge of the hydrogen gas of a hydrogen storing 
metal alloy are a chemical reaction accompanied by expansion and contraction of volume respectively In order to 
obtain a practical reaction rate, it needs to be powdered and it is necessary to use a hydrogen storing metal alloy and 
to increase a surface area. However, if expansion and contraction of the volume in the end of an alloy powder are 
repeated during use, a crack will go into powder by internal distortion, it will be soon divided into a fine particle 
and powder will carry out pulverization. If pulverization advances, hydrogen gas will not flow easily by lock out or 
tines will be mixed with the flow of hydrogen gas and will move into gas piping. Therefore, this pulverization is' 
long-term repeat hydrogen absorption / discharge life of a hydrogen storing metal alloy, (namely, endurance) It 
becomes the big cause of a fall. 

[0014] Although the Ti-Cr-V system hydrogen storing metal alloy and Ti-V-nickel system alloy which were 
mentioned above are developed as an alloy with much hydrogen storage capacity, predetermined hydrogen storage 
capacity is not reached in many cases in fact, and the problem of the endurance by the above-mentioned 
pulverization cannot be solved, either. 

[0015] For example, when it manufactures by the arc process as indicated by this official report, since solidification 
speed is slow, a Ti-Cr-V system hydrogen storing metal alloy given in JP,59-38293,B is low TiCr2 of hydrogen 
storage capacity as the 2nd phase. An intermetallic compound deposits at a remarkable rate and hydrogen storage 
capacity falls. Moreover, a crack enters with this 2nd phase as the starting point into the repeat of hydrogen 
S' 0 " and discharge in the end of an alloy powder, and there is also a trouble that pulverization is promoted 
[0016] After it holds a hydrogen storing metal alloy given in JP,7-252560,A at the elevated temperature of 1200- 
1400 degrees C in order to reduce the 2nd above-mentioned phase, and it considers as a cubic single phase 
organization in the example, the process which quenches with water cooling immediately is taken However since 
big and rough-ization of crystal grain arises in the case of heating-at-high-temperature maintenance even if the 
amount of deposits of the 2nd phase decreases, the intensity of the material itself becomes weak by big and rough- 
ization, and it becomes easy to carry out pulverization of it by this method. In case it moreover mass-produces 
industrially, in order to use a large-sized ingot, also with water cooling, sufficient cooling rate is not obtained but 
the big and rough sludge of the 2nd phase which makes a Ti-Cr compound a subject is formed and hvdroeen' 
storage capacity also falls. y B 

[0017] A Ti-V-nickel system hydrogen storing metal alloy given in each official report of JP 7-268513 A and 7- 
268514 is the Ti Ni alloy phase of the 2nd phase, or AB2 to the grain boundary of the host phase which consists of 
a Ti-V system alloy. A type RABESU alloy phase has the organization in which the 3-dimensional mesh frame was 
formed. In order that this gram-boundary phase may raise reactivity with the hydrogen of an alloy even if a host 
phase has some oxidization, absorption and discharge of hydrogen gas are possible through this grain -boundary 
phas^However, in order to deposit the 2nd low phase of hydrogen-absorption capacity in a large quantity so that 
the 3-dimensional network structure is formed, the hydrogen quantity to be stored of the whole alloy fails 
Moreover, the problem of the pulverization on the basis of the 2nd phase is not avoided, either. 
[0018] The oxidation resistance of a hydrogen storing metal alloy is also an important property If left by the 
hydrogen storing metal alloy in the atmosphere, a front face will oxidize and an oxide film will be formed 
Especially as for V content alloy, an oxide film is easy to be formed. This oxide film cannot serve as an obstacle of 
hydrogen absorption, and cannot demonstrate predetermined hydrogen-absorption capacity. Therefore in order that 
hydrogen storing metal alloy powder may remove an oxide film before use, activation is needed in many cases 
This activation puts the end of an alloy powder into a proof-pressure container, is performed by carrying out the 
object for intercropping of the high-pressure hydrogen gas of dozens kg/cm2 several one day - days at an elevated 
temperature, and requires costs for both a container and processing. Therefore, the hydrogen storing metal alloy 



powder which cannot oxidize easily even if it leaves it in air so that activation may become unnecessary is called 
for 

r00191 Although it is effective in oxidation-resistant improvement in hydrogen storing metal alloy powder since 
metallic coating of the hydrogen storing metal alloy powder by electroless deposition given in JP,60-190570,A is 
what responded to this request and it is Cu and nickel in which a covering metal does not have hydrogen-absorption 
capacity at all, only in the part of a covering metal, hydrogen storage capacity decreases. ...... 

r0020] this invention is repeat hydrogen absorption / discharge life over a long penod of time that it has high 
hydrogen-absorption capacity applicable to the use of storage and transportation of hydrogen gas, refining and 
separation of hydrogen gas, a heat transport and a cooling system, a hydrogen compressor etc., and is hard to carry 
out pulverization, (endurance) It excels and is comparatively low (150 degrees C or less). Even if you can use it at 
temperature and you leave it in the atmosphere, let the thing with little degradation of a hydrogen-absorption 
property for which a comparatively cheap hydrogen storing metal alloy 
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MEANS 



[Means for Solving the Problem] For this invention persons, the small Ti-Cr-V system hydrogen storing metal alloy 
of the diameter of crystal grain manufactured by the rapid solidification method is [ high hydrogen-absorption 
capacity and ] outstanding repeat hydrogen absorption / discharge life, (endurance) It had and the thing near the 
room temperature which can be comparatively used at low temperature was found out previously. 
[0022] This hydrogen storing metal alloy is H/M (ratio of the number of hydrogen atoms to the composition atomic 
number which constitutes an alloy by which occlusion was carried out). 1.5 It is a maximum of 1 .7 above. 
Maximum hydrogen storage capacity on the theory of the body-centered cubic lattice metal still represented by V 
although the high hydrogen storage capacity of a base is shown (H/M=2) When compared, it was still somewhat 
low and room to increase hydrogen storage capacity further remained. When other little elements were added to the 
above-mentioned alloy composition as a result of subsequent research, it turns out that hydrogen storage capacity 
increases further, and this invention was reached. 

[0023] this invention is formula:Tia Vl-a-b-c-d Crb Ac Bd. It is the hydrogen storing metal alloy which has the 
composition expressed and is characterized by the diameter of average crystal grain of the main phase being 40 
micrometers or less. In the upper formula A Mn, Fe, Co, Cu, Nb, Zn, Zr, One sort or two sorts or more of elements 
chosen from Mo, Ag, Hf, Ta, W, aluminum, Si, C, N, P, and B are meant. B is Ln (lanthanoids system metal). And 
one sort or two sorts or more of elements chosen from Y are meant. The value of a is 0.2. It is 0.5 above The value 
of the following and b is 0.1. It is 0.4 above. The value of the following and c is 0.01 or more and 0.2. The value of 
the following and d is 0.001 . It is 0.03 or less above. 

[0024] The small hydrogen storing metal alloy of this diameter of crystal grain can be manufactured by the rapid 
solidification method. In the suitable mode of this invention, it has nickel addition layer to which a hydrogen 
storing metal alloy makes a Ti-nickel compound a subject on a front face, the front face of a hydrogen storing metal 
alloy which manufactured this nickel addition layer by ** rapid solidification method -- nickel -- covering - 
subsequently - or it heat-treats at the temperature of 400-1000 degrees C or ** -- it can form by the mechanical 
alloying method covering the front face of this hydrogen storing metal alloy with nickel 

[Embodiments of the Invention] Hereafter, the hydrogen storing metal alloy and its manufacture method of this 
invention are explained in detail. The feature of the hydrogen storing metal alloy of this invention is (1). Tia Vl-a- 
b-c-d Crb Ac Bd (the inside of ** formula and a formula, and A, B and a-d are the same as the above) The chemical 
composition shown and (2) The diameters of average crystal grain of the main phase are 40 micrometers or less and 
two points of being detailed. . 
[0026] The main phase of this hydrogen storing metal alloy is a body center cubic, this crystal lattice consists ot 
three elements of Ti, V, and Cr, and the part is the solid solution replaced by A element. Above (2) The detailed 
diameter of average crystal grain of the main phase is obtained by manufacturing a hydrogen storing metal alloy by 
rapid solidification methods, such as a chill roll method and the gas atomizing method. Therefore, it can be said that 
the hydrogen storing metal alloy of this invention is "an alloy with the chemical composition shown by the above- 
mentioned ** formula by which rapid solidification was carried out." For example, if the cooling rate at the time of 
solidification becomes slow like an arc solution process, since crystal grain will grow and it will become big and 
rough during solidification, the diameter of average crystal grain of the main phase exceeds 40 micrometers. 
[0027] The hydrogen storing metal alloy of this invention has high hydrogen-absorption capacity, and it excels in 
endurance that it is hard to carry out pulverization, and is [ near the room temperature ] comparatively low (1 50 
degrees C or less). The reason which can be used at temperature is guessed as follows. 
[0028] The Ti-V-Cr system alloy of a body center cubic which carried out rapid solidification as this invention 
persons found out previously is 0.1 MPa near atmospheric pressure. Hydrogen equilibrium pressure (balanced gas 



** of hydrogen absorption and release reaction) Since the shown temperature can be as low as below 150 **, and a 
lot of [ the temperature requirement below 150 ** ] hydrogen can be absorbed and it is hard to carry out 
pulverization, it excels in repeat hydrogen absorption / discharge life. 

[0029] However, this high hydrogen storage capacity or outstanding endurance are not acquired like an arc solution 
process with the alloy with which the solidification after the dissolution was manufactured by the late conventional 
method This is TiCr2 with little hydrogen storage capacity, when the cooling rate at the time of solidification falls. 
The 2nd phase made into a subject is because it deposits at a remarkable rate during solidification. It is made easy 
to happen pulverization, since the sludge of this 2nd phase makes impossible reversible discharge of the hydrogen 
which it reduced hydrogen equilibrium pressure and it not only reduces hydrogen storage capacity, but absorbed it 
and serves as an origin of an intergranular fracture further. If it puts in another way, since there are very few 
amounts of deposits of this 2nd phase, in the hydrogen storing metal alloy of this invention, the fall and 
pulverization of hydrogen storage capacity resulting from this phase are avoidable. 

[0030] According to this invention, hydrogen storage capacity can be increased further, maintaining a former alloy 
and the property which absorbs and emits hydrogen gas by temperature and the pressure mostly, and also 
suppressing formation of the 2nd phase of the above by adding the element shown in the Ti-V-Cr system alloy by 
which rapid solidification was carried out by A and B of the above-mentioned ** formula. The reason is considered 
as follows, although not necessarily solved completely. 

[003 1] A element (Mn, Fe, Co, Cu, Nb, Zn, Zr, Mo, Ag, Hf, Ta, W, aluminum, Si, C, N, P, B) It is replacing by Ti, 
V and Cr which constitute the body center cubic of the main phase, and expanding a grid size, and it is expected 
that the hydrogen storage capacity of the alloy itself is raised. If these elements also have a slow cooling rate after 
the dissolution, it will be easy to form an intermetallic compound with Ti or Cr, carbide, and a bonde, and 
hydrogen storage capacity will fall. Therefore, in order to obtain high hydrogen storage capacity and to suppress 
crystallization or a deposit of such a compound, it is necessary to carry out rapid solidification. Thereby, the 
pulverization from which this compound serves as an origin is also suppressed. 

[0032] B element (a lanthanoids system metal <Ln> or Y) It is thought that it hardly exists in the body center cubic 
of the main phase, but the impurity oxygen and the oxide which are contained in an alloy are formed, and it exists. 
Although impurity oxygen exists in the state of invading between the metal atoms of the body center cubic of the 
main phase, the position upon which these elements trespass is also a position upon which a hydrogen atom 
trespasses, when occlusion of the hydrogen is carried out. Therefore, this impurity oxygen becomes the cause of 
decreasing hydrogen storage capacity in order to take up a hydrogen invasion site. If Ln and Y which are easy to 
combine with oxygen are added, impurity oxygen will be driven away out of the main phase, and what hydrogen 
storage capacity increases will be presumed. 

[0033] The atomic ratio of each element of the hydrogen storing metal alloy of this invention was examined so that 
high hydrogen storage capacity might be obtained the low temperature below 150 **, and near the atmospheric 
pressure, and it was determined as mentioned above. Next, the reason is explained. In addition, as shown in the 
above-mentioned ** formula, each amount of each element is an atomic ratio, and the sum total is 1 . 
[0034] Titanium If the amount of (Ti) Ti increases, the grid size of a body center cubic which is the alloy main 
phase will be expanded, and hydrogen storage capacity will increase. It is 0.2 in order to obtain high hydrogen 
storage capacity. If the above Ti is required and there are few amounts of Ti than this, hydrogen storage capacity 
will become low. Although hydrogen storage capacity increases, hydrogen equilibrium pressure falls in connection 
with it, and it becomes impossible to use it near a room temperature and the atmospheric pressure, so that there is 

much titanium. . 
[0035] Even if it adds Cr, it becomes impossible to raise hydrogen equilibrium pressure to near the atmospheric 
pressure if the amount of Ti exceeds 0.5, although Cr is added in this invention as an element which raises 
hydrogen equilibrium pressure. Moreover, life [ as opposed to repeat hydrogen absorption and discharge of a cause 
in pulverization ] when there are too many amounts of Ti (endurance) It falls. The viewpoint of the balance of 
endurance to hydrogen storage capacity and amount of Ti 0.2 or more and 0.5 It considers as the following and is 
0 3 preferably. It is 0.3 more preferably 0.45 or less above. It is 0.4 above. It is the following. 
[0036] Chromium Although hydrogen storage capacity will increase if the amount of (Cr) Cr(s) increases, since it is 
not so large as Ti the extent, the key objective of Cr addition is in control of hydrogen equilibrium pressure. 
Therefore the amount of Cr(s) changes with the service temperatures and hydrogen equilibrium pressure which are 
made into'the amount of Ti, or the purpose. However, the amount of Cr(s) is 0. 1 . At the following, the amount of Ti 
is 0 2 The hydrogen equilibrium pressure in a room temperature becomes quite lower than atmospheric pressure at 
a case, and it becomes impossible to be unable to absorb hydrogen and to emit it in reversible, near the room 
temperature. 



[0037] On the other hand, Cr is 0.4. TiCr2 which deposits as the 2nd phase if it exceeds The amount of a phase 
increases not only hydrogen storage capacity falls, but pulverization becomes easy to happen and the life over 
hydrogen absorption and discharge falls repeatedly. The viewpoint of the balance of endurance to hydrogen storage 
capacity and amount of Cr(s) 0.1 or more and 0.4 It considers as the following and is 0.2 preferably. It is 0.4 above. 
It is 0 2 more preferably hereafter. It is 0.35 or less above. 

[0038] Vanadium At the 2 yuan system of (V) Ti-Cr, it is TiCr2 as the 2nd phase. It forms mostly, and a life 
[ repeatedly as opposed to hydrogen absorption and discharge with hydrogen storage capacity ] falls, hydrogen 
equilibrium pressure is too low and use near the room temperature also becomes difficult. Therefore, V is added 
together. Many body center cubic phases of the main phase are obtained by addition of V, and hydrogen storage 
capacity increases. The amount of V is automatically determined by the amount of Ti, Cr, A element, and B 
element. 

[0039] A element (Mn, Fe, Co, Cu, Nb, Zn, Zr, Mo, Ag, Hf, Ta, W, aluminum, Si, C, N, P, B) These alloying 
elements are elements effective for replacing by Ti, Cr, or V that is the metal which constitutes the body center 
cubic of the main phase, expanding a grid size, and making hydrogen storage capacity increase. 
[0040] Since these elements tend to form Ti or Cr, an intermetallic compound, carbide, and a bonde, they can 
seldom be added in a large quantity, so that it may be expected from each 2 yuan system state diagram. The amount 
of A element is 0.2. If it increases, there is little hydrogen storage capacity, or since many compounds, such as the 
above-mentioned intermetallic compound which does not carry out occlusion of the hydrogen, are formed, the 
hydrogen storage capacity of the whole alloy will decrease on the contrary. On the other hand, if there are few 
amounts of A element than 0.01, the increase in the hydrogen storage capacity by addition will not be accepted. 
[0041] The amount of the balance of the amounts of formation, such as an intermetallic compound, and hydrogen 
storage capacity to A element is 0.01 or more and 0.2. It considers as the following and is 0.05 or more and 0.15 or 
less more preferably 0.15 or less 0.03 or more. 

[0042] B element [Ln (lanthanoids system metallic element) and Y] -- these alloying elements are added in order to 
make the impurity oxygen and the compound which exist in the hydrogen invasion site of the main phase of an 
alloy form Therefore, the amount of B element is influenced by the amount of impurity oxygen in an alloy . A few 
amount is enough, if a raw material with few impurities is used, although it is necessary to add mostly and is 
expensive, if a raw material with many impurities is used, although it is cheap at the time of alloy manufacture. 
[0043] If use of a scrap etc. is taken into consideration although the amount of impurity oxygen of an alloy is 
usually less than [ lwt% ] even if it uses a cheaply available raw material industrially, going up to more than 2wt% 
will also be considered. Generally Ln and Y are [ oxygen and ] B-2 03. In order to form the oxide of type, it is 
enough if equivalent amount grade addition is carried out by impurity oxygen and the atomic ratio. Therefore, the 
upper limit of the amount of B element was set to 0.03. Even if it adds B element in a large quantity from this, it 
leads to cost increase only by increasing superfluous Ln which does not have big influence on a hydrogen- 
absorption property, and Y. 

[0044] On the other hand, the amount of B element is 0.001. Below, impurity oxygen cannot be removed and 
hydrogen storage capacity does not increase. As mentioned above, it is the amount of B element 0.001 Although 
carried out to 0.03 or less above, this amount is made to fluctuate within the limits of this with the amount of 
impurity oxygen of an alloy, therefore the purity of a raw material to be used, as explained above. 
[0045] Thus, since there are very few additions of expensive B element, the cost increase by the addition is slight. 
Moreover, although B element forms an oxide by the grain boundary of the main phase, since the amount is few as 
mentioned above, the bad influence of the hydrogen storage capacity by it decreases compared with increase of the 
hydrogen storage capacity by addition of this oxide. Moreover, since these oxides have the effect of suppressing big 
and rough-ization of the grain size number under heat treatment, they can make the upper limit of the heat treatment 
temperature which can obtain a fine crystal organization higher than the case of a Ti-V-Cr alloy by B element 
addition. Therefore, heat treatment time becomes short. 

[0046] If the alloy called cheap misch metal which is the alloy of a rare earth metal and contains many lanthanoids 
system metals although it is also possible for a lanthanoids system metal to carry out independent addition of the 
elements refined as a pure metal, such as La and Ce, is used, the manufacturing cost of the hydrogen storing metal 
alloy of this invention will fall further. 

[0047] As explained more than the diameter of average crystal grain of the main phase, the hydrogen storing metal 
alloy of this invention succeeds in adding two kinds of elements, A and B, into the Ti-Cr-V system alloy which 
makes the main phase a body center cubic with much [ from the first ] hydrogen storage capacity, and increasing 
hydrogen storage capacity further. 

[0048] However, it is the solidification speed after the hydrogen storage capacity of this alloy changing with the 



diameters of average crystal grain of the manufacture method or the main phase even if it has the chemical 
composition of this Ti-Cr-V-A-B system, and dissolving at the time of alloy manufacture, (cooling rate) When it 
became late and the diameter of average crystal grain of the main phase exceeded 40 micrometers, even if it was the 
same composition, it became clear that hydrogen storage capacity falls. 

[0049] This is TiCr2 when solidification speed falls. In order that this sludge may have little hydrogen storage 
capacity of itself or may not carry out occlusion of the hydrogen, when the amount of sludges, such as an 
intermetallic compound with A element mentioned above, carbide, and a boride, increases, and its amount of the 
increases, the hydrogen storage capacity as the whole alloy is for falling. 

[0050] Moreover, TiCr2 If the amount of other sludges increases, since Ti in the alloy phase of a body center cubic 
which is the main phase, and the amount of Cr(s) will fall, it originates mainly in the amount reduction of Cr(s), the 
hydrogen equilibrium pressure which is balanced gas ** of hydrogen absorption and release reaction falls the 
hydrogen storage capacity of the main phase not only decreases, but, and it becomes impossible to emit the 
hydrogen absorbed in reversible. 

[0051] Furthermore, pulverization when carrying out repeat hydrogen absorption / discharge examination, when the 
solidification speed at the time of alloy manufacture became slow and the diameter of average crystal grain of the 
main phase exceeded 40 micrometers (it can judge by the fall of a powder mean particle diameter) It becomes 
remarkable and is an alloy life, (endurance) The remarkable thing also made the fall clear. The main factor of this 
pulverization is above TiCr2. It is presumed that it is an intergranular fracture on the basis of sludges, such as an 
intermetallic compound with A element. Therefore, if solidification speed becomes slow and the amount of such a 
sludge increases, the origin of pulverization will increase and pulverization will become easy to happen. 
[0052] At the hydrogen storing metal alloy of the above knowledge to this invention, it is the main phase, (body 
center cubic) The diameter of average crystal grain is limited to 40 micrometers or less. Thereby, it is TiCr2. In 
order that the amount of generation of sludges, such as an intermetallic compound with A element, may decrease 
remarkably, hydrogen storage capacity increases and the alloy in which the high hydrogen storage capacity beyond 
H/M=1.80 approaching the maximum hydrogen storage capacity on the theory of a body center cubic metal is 
shown is obtained. MmNi5 which the pulverization at the time of hydrogen absorption and discharge stops being 
able to happen easily repeatedly simultaneously, and is a typical rare earth system hydrogen storing metal alloy The 
endurance excellent more remarkably than a system intermetallic compound over hydrogen absorption and 
discharge comes to be shown repeatedly. 

[0053] In order to improve further these properties of the hydrogen storing metal alloy of this invention, it is 
desirable that 20 micrometers or less of diameters of average crystal grain of the main phase are especially 15 
micrometers or less. Moreover, TiCr2 formed as the 2nd phase It was it hard coming to generate pulverization that 
the diameter of average crystal grain of sludges, such as an intermetallic compound with A element, was 5 
micrometers or less, and it became clear to hardly carry out pulverization to it being 2 micrometers or less. 
[0054] The diameter of average crystal grain of the main phase can manufacture the hydrogen storing metal alloy of 
this invention 40 micrometers or less by the rapid solidification method, as mentioned above. The method of 
concrete rapid solidification is not limited as long as an alloy with the above-mentioned diameter of average crystal 
grain is obtained. As an employable rapid solidification method, it is the method of carrying out teeming of the 
alloy molten metal on a rotational electrode process, a rotating drum, or a roll, (an example, a single roll, or 
congruence chill roll method) A method, the gas atomizing method, etc. which are thinly cast to up to a water- 
cooled copper plate are mentioned. 

[0055] A rotational electrode process and the atomizing method have [ among these ] a powder configuration 
advantageous at the point that pack density becomes high in a globular form substantially, when the pulverization 
process for being able to manufacture the spherical -powder end of a hydrogen storing metal alloy, and powder- 
izing becomes unnecessary. In the case of other methods, the hydrogen storing metal alloy obtained if needed is 
ground, and it is made powder. As the pulverization method, both hydrogenation pulverization and machine 
pulverization can be adopted and both may be used together. 

[0056] It is appropriate for the hydrogen storing metal alloy of this invention to consider as the powder form whose 
mean particle diameter is about 10-50 micrometers. Thereby, a surface area increases and absorption and release 
reaction of hydrogen are promoted. If required, a classification will adjust a mean particle diameter. 
[0057] The hydrogen storing metal alloy of this invention manufactured by the rapid solidification method has a 
minute quenching distortion. This quenching distortion is the endurance of the hydrogen storing metal alloy of this 
invention, (pulverization) Although not generated, especially a remarkable bad influence may heat-treat a hydrogen 
storing metal alloy by request, and may remove this quenching distortion. As for this heat treatment, it is desirable 
to carry out in a vacuum or inert gas in order to prevent oxidization of an alloy. 



[00581 It is necessary to set up heat treatment conditions so that there may be no bird clapper during heat treatment 
more greatly [ the diameter of average crystal grain of the alloy main phase ] than 40 micrometers This condition is 
usually temperature, although it changes also with diameters of average crystal grain of the main P^se of the 
hydrogen storing metal alloy manufactured by the rapid solidification method. It is within the limits of 400-1000 
deeree-Cx 1 - 20 hours However, when heat treatment temperature is as high as for example, more than 900 , 
heat treatment time is shortened and it is made for the diameter of average crystal grain of the alloy main phase 
after heat treatment not to exceed 40 micrometers. Since the heat treatment temperature of a Ti-V-Cr alloy is 
generally below 750 ** the upper limit of heat treatment temperature can be made high by addition ot B element. 
r0059] When forming in an alloy front face nickel addition layer which makes a Ti-nickel compound a subject in 
order to raise the oxidation resistance of the hydrogen storing metal alloy of this invention so that it may mention 
later it may heat-treat in the formation process of this layer, and quenching distortion is also removed during this 
heat treatment. Therefore, heat treatment of only the purpose of removal of the quenching distortion in that case is 

unnecessary. , 
[0060] The hydrogen storing metal alloy of this invention is the low temperature near the room temperature, when 
it is left in the atmosphere, (an example, 80 degrees C) The measured amount of hydrogen absorption may 
decrease That is, if this alloy is left in the atmosphere, a front face will oxidize, and this oxide film is considered 
that it becomes an obstacle and the hydrogen storage capacity in low temperature decreases. Thus, the hydrogen 
storing metal alloy to which hydrogen storage capacity fell by air neglect is among high-pressure hydrogen gas. (an 
example 20 atmospheric pressure) If you make it heated and activated to 500 **, the amount of hydrogen 
absorption will increase and the amount of absorption before neglect will be recovered. However, as mentioned 
above, this activation requires costs. . . 

[0061] It is desirable to improve the oxidation resistance of the hydrogen storing metal alloy of this invention so 
that it may not oxidize, even if it contacts the atmosphere, in order to avoid the above-mentioned activation with the 
equipment using the hydrogen storing metal alloy, since contact to the atmosphere is completely unavoidable in 
manufacture process. . 
[0062] As a result of examining this point, when the front face of the hydrogen storing metal alloy of this invention 
was covered with nickel like the publication to JP,60- 190570, A, it became clear that the oxidation resistance of an 
alloy is improved. However, although this technique is effective in oxidation-resistant improvement, since the 
nickel itself which covered the alloy front face does not almost have hydrogen-absorption capacity, the amount of 
hydrogen absorption per alloy unit weight falls. . 
[0063] Then when changed into nickel addition layer which nickel enveloping layer on the front face ot an alloy is 
made to react with the Ti-V-Cr-A-B system alloy used as a base material as a result of inquiring further, and makes 
a Ti-nickel compound a subject, since this nickel addition layer has bigger hydrogen -absorption capacity than pure 
nickel it turns out that oxidation resistance can be given to a hydrogen storing metal alloy, without reducing most 
amounts of hydrogen absorption. Therefore, in the suitable mode, the hydrogen storing metal alloy of this invention 
has nickel addition layer which makes a Ti-nickel compound a subject on the alloy front face. Oxidation resistance 
improves by that cause, without reducing hydrogen storage capacity substantially, and the activation mentioned 
above becomes unnecessary, or it is mitigated very much. 

[0064] The covering method of nickel on the front face of an alloy is a physical method, (the method equivalent to 
the mechanical alloying mixed with an example, the method of mixing nickel impalpable powder and the end of an 
alloy powder a ball mill, etc. is also included) Chemical method (an example, electrolysis nickel plating, non- 
electrolyzed nickel plating) Any are sufficient and there is especially no limit. Although the amount of covering of 
nickel changes also with powder mean particle diameters of a hydrogen storing metal alloy, 5 - 10 % of the weight 
is usually preferably suitable for it one to 20% of the weight to a hydrogen storing metal alloy. As long as it is 
required before this nickel covering, pickling processing of the hydrogen storing metal alloy may be carried out 
from the acid of non-oxidizing qualities, such as fluoric acid and a hydrochloric acid, and the oxidizing zone on the 
front face of an alloy may be removed. , . 

[0065] After covering the front face of a hydrogen storing metal alloy with nickel, nickel addition layer which 
makes a Ti-nickel compound a subject is formed in a front face by heat-treating, making Ti component in a base 
material alloy nickel in surface coating react, and changing nickel layer to the high Ti-nickel compound of 
hydrogen-absorption capacity. Since this nickel addition layer has incorporated Cr from the base material it excels 
the 2 yuan system intermetallic compound of Ti-nickel in oxidation resistance. 

[0066] It is desirable to also perform this heat treatment in a vacuum or inert gas in order to prevent oxidization of 
an alloy Heat treatment conditions are set up so that it will not change big and rough, by the time the diameter of 
average crystal grain of the main phase of a base material alloy exceeds 40 micrometers during this heat treatment. 



This viewpoint to heat treatment temperature It considers as the range of 400-1000 degrees C, and heat treatment 
time is set up so that the above-mentioned big and rough-ization may not take place. If heat treatment temperature 
exceeds 1000 degrees C, big and rough-ization of the sludge of the 2nd phase progresses, and the amount of 
hydrogen absorption will fall or it will become easy to carry out pulverization of the d.ameter of average crysta 
grain to hydrogen absorption and discharge by the repeat. On the other hand, the generation reaction of a T,-n.ckel 
compound cannot progress easily under by 400 **. Desirable heat treatment temperature It is 450-900 
r00671 However it is a long time for example, in a ball mill about nickel covering, (an example and 100 - 1000 
hours) Since it is nickel addition layer which generated nickel covering already reacts with Ti in a base material 
alloy, and makes a Ti-nickel compound a subject when it carries out by the mechanical alloying method tor 
carrying out, it is not necessary to heat-treat for a reaction. 
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EXAMPLE 



[Example] In production of an examination alloy, it is a RF solution process. (5 kg/ch) Button arc solution process 
(button size ■ 250 g/ch and 50 g/ch) Single chill roll method which used the copper roll (20 g/ch) The Ar gas 
atomizing method (10 g/ch) Or rotational electrode process (500 g/ch) It used. The raw material used for 
manufacture of an alloy molten metal is a misch metal which is the alloy of a purity 99wt% titanium sponge, a 
purity 98wt% vanadium, purity 99wt% chromium, and a lanthanoids system rare earth metal. (It is written as Ln) 
It was purity 99wt% Fe, Mn, Co, Nb, Y, Zn and Zr, and purity 99.9wt% aluminum, Ag Hf, Ta W Mo and Cu 
(total La=46wt% and Ce=5wt% and Nd=37wt% and Pr=10wt% and rare earth content 99.5wt%). Light element (Si, 
C N,P,B) Compound with Ti or Cr(TiC,TiB2 grade) It added. . 
[0069] They are 300 ** and 2 5 MPa about the alloy obtained by methods other than the gas atomizing method 
powder is obtained directly, and a rotational electrode process. After hydrogenating in hydrogen gas for 5 hours, it 
ground mechanically, and it was made powder. Any end of an alloy powder is 100. The powder below mum was 
sorted out and used with the sieve. About a part of gas atomization material, in order to enlarge the diameter oi 
average crystal grain, it heat-treated in argon atmosphere. The characterization method of an examination alloy is 
explained below collectively. . . 

r00701 Hydrogen gas absorption, emission characteristic hydrogen gas absorption, and the emission characteristic 
were measured by the activation zero method using G BERUTSU type equipment. Measurement is 3.0MPa after 
putting in and carrying out evacuation of the examination alloy to a container and determining a zero. Under 
hydrogen pressure It carried out, after heating and carrying out activation to 300 - 500 **. In order to remove the 
influence of oxidization of a front face in the end of an alloy powder in mechanical pulverization, it is a 5vol /o 
hydrofluoric acid about an examination alloy before activation, (fluoric acid) Pickling was carried out in solution. 
r00711 the hydrogen-desorption-absorption cycle used for measurement -- the temperature of 80 degrees C -- it is - 
hydrogen pressure - 3.0 MPa from -- the hydrogen gas discharge lowered to 0.01 MPa, and hydrogen pressure - 
0 01 MPa to 3 0 MPa up to -- it consists of hydrogen gas absorption to pressurize 

r0072] Hydrogen storage capacity produces a hydrogen-desorption curve at the time of hydrogen gas discharge ot l 
cycle eye and is pressure IMPa. The value of hydrogen storage capacity was calculated and it evaluated by 
converting this amount of hydrogen into H/M which is the ratio of the absorbed number of hydrogen atoms to the 
metal atomic number which constitutes an alloy. H/M considered 1 .80 or more as success. 
[00731 The influence of the pulverization by the pulverization repeat hydrogen absorption and discharge by repeat 
hydrogen absorption and discharge is the aforementioned hydrogen-desorption-absorption cycle 300 It measured 
and evaluated which powder with a particle size of 20 micrometers or less increased after cycle I he 

particle-size-distribution measuring device of a laser diffraction formula was used for the particle size analysis. 
Since the difference was in powdered particle size distribution by the manufacture method, evaluation computed the 
fines rate of increase compared to the amount on the basis of the particle weight 20 micrometers or less before an 
examination by the following formula, and evaluated it. It is success if the fines rate of increase is 1 5 /« or less. 
[0074] 
[Equation 1] 

mm*® = [ — - — ] * mo 
a=3oo y-jvj\$wimwwSkT<mt&. 

[0075] After measurement of the diameter of crystal grain of the main phase of the diameter e> ^amination alloy of 
crystal grain embedded the alloy before pulverization at the epoxy resin and ground it, it ed by tne 



mixed acid of 0 4 vol% fluoric acid and a lvol% nitric acid, was observed with the optical microscope, and it was 
performed and the average of the measurement result of 20 crystal grain chosen at random was made into the 
dfamTer of average crysfal grain. Since it was detailed, the particle size of the fudge of the 2nd phase ,. SEM 
(secondary electron microscope). It used and measured and the average was calculated like the top. 
0076] Sdation-resistant evaluation of the hydrogen storing metal alloy which earned out nickel covering of the 
oxidation-resistant front face, and formed nickel addition layer, the constant temperature of the temperature of 25 
Srees C and 65% of humidity - G BERUTSU [ after leaving it for one week in the air atmosphere of constant 
humidity ] type hydrogen absorption / discharge testing device - using - activation - nothing 80 degrees C - 
3 0 MPa The absorption test of hydrogen gas was performed and the decreasing rate of the hydrogen storage 
capacity in comparison with the hydrogen storage capacity of the alloy before forming nickel addition layer was 
computed by the following formula. It is success if the decreasing rate of hydrogen storage capacity ,s 10% or less. 
[0077] 

[Equation 2] c _ d 

= [ — - — ] * 100 

r00781 (Example 1) this example is an example which alloy composition was changed and examined the 
performance of a hydrogen storing metal alloy. As a method of producing a hydrogen storing metal alloy, since 
only the rapid solidification method was adopted, each diameter of average crystal grain of the main phase was 40 
micrometers or less, and many were 20 micrometers or less. The measurement result of the hydrogen storage 
capacity of each alloy and the fines rate of increase is shown in Table 1 with alloy composition and the produc.ng 

method. 
[0079] 
[Table 1-1] 
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[0080] 
[Table 1-2] 
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[0081] As Table 1 shows, each hydrogen storing metal alloy whose alloy composition is within the limits of this 
invention is the comparatively low temperature near [ of 80 degrees C ] the room temperature, and is understood 
that H/M shows high hydrogen storage capacity called 1 .80 or more, and the rate of pulverization by repeat 
hydrogen absorption / discharge examination is as low as 15% or less, and there is much hydrogen storage capacity 
also near the room temperature, and there is little degradation by repeat hydrogen absorption and discharge. 
[0082] On the other hand, No.46 which did not add A and a B car element With the alloy, hydrogen storage 
capacity was low. No.59 which added only one element of A and B, and 60 Increase of hydrogen storage capacity 
was [ but ] inadequate. Simultaneously with the fall of hydrogen storage capacity, the rate of pulverization also 
increased with the alloy of No.47-53 which had too many additions of A element. No.54 which had too many 
additions of B element Hydrogen storage capacity fell with the alloy. Even when the addition of A and a B car 
element was suitable, when each of alloys of No.55-58 with the content of Ti, Cr, and V out of range [ this 
invention ] had low hydrogen storage capacity and there were too many Ti and amounts of Cr, the rate of 
pulverization became large. 

[0083] (Example 2) this example is an example which considered the influence the diameter of average crystal 
grain of the main phase affects the performance of a hydrogen storing metal alloy about the hydrogen storing metal 
alloy from which the diameter of average crystal grain of the main phase produced by the various manufacture^ 
methods differs. The chemical composition of a hydrogen storing metal alloy is Ti=0.30, V= 0.24, Cr=0.30, A- 
0 15 (Mn=0 04 Fe=0.03, Cu=0.03, aluminum=0.03, B= 0.05), and B= 0.01 (Ln=0.01). It considered as the same 
composition In order to see the influence of the diameter of crystal grain, the examination alloy heat-treated after 
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gas atomization was also produced. A test result is shown in Table 2. [0084] 
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[0085] If a hydrogen storing metal alloy is produced by the rapid solidification method as shown in Table 2, the 
alloy of a detailed organization 20 micrometers or less will be obtained for the diameter of average crystal grain of 
the main phase. Although the diameter of crystal grain became big and rough when the hydrogen storing metal 
alloy of this detailed organization was heat-treated, when the diameter of average crystal grain of the main phase 
was 40 micrometers or less, both the amount of hydrogen absorption and the fines rate of increase were success. 
About the diameter of average crystal grain, if it is 40 micrometers or less, there will be no bad influence to the 
hydrogen storage capacity and the fines rate of increase by heat treatment also at the hot heat treatment in the alloy 
of this invention 950 ** for a short time. However, the direction of an alloy 20 micrometers or less had the high- 
achieving diameter of average crystal grain which has not been heat-treated after rapid solidification, and the fines 
rate of increase became 10% or less the top where hydrogen storage capacity is also high. 

[0086] Moreover, the desirable range of the suppression of pulverization especially of [ that the diameter of average 
crystal grain of the main phase is 40 micrometers or less ] 2 micrometers or less also understands 5 micrometers or 
less also of diameters of average crystal grain of the sludge of the 2nd phase to be also a bird clapper from Table 2. 
[0087] On the other hand, as for the late button arc dissolution material and late RF dissolution material of 
solidification speed, the diameter of average crystal grain of the main phase exceeded 40 micrometers, and both 
hydrogen storage capacity and the fines rate of increase became a rejection. (No.6-8) . When gas atomization 
material was heat-treated and heat treatment conditions were set up so that the diameter of average crystal grain 
might exceed 40 micrometers, hydrogen storage capacity and the fines rate of increase both fell greatly too (No.9, 
10). 

[0088] (Example 3) this example illustrates the oxidation-resistant improvement in the hydrogen storing metal alloy 
at the time of forming in an alloy front face nickel addition layer which makes a Ti-nickel compound a subject. 
Each examined hydrogen storing metal alloy is the powder produced by the Ar gas atomizing method. The 
chemical composition of an alloy was taken as the same composition of Ti=0.30, V= 0.25, Cr=0.30, A= 0.14, and 
B= 0.01. (however, the element kind of A and B change) . 

[0089] nickel covering of the hydrogen storing metal alloy powder for forming nickel addition layer adopted both 
the physical method and the chemical method. By the physical method, after blending this 10% of the weight to the 
end of an alloy powder using nickel impalpable powder with a particle size of about 1 micrometer, it mixed 
uniformly with the mortar or mixed with the ball mill for a long time. The chemical method formed about 10% of 
the weight of nickel plating layer in the front face in the end of an alloy powder using commercial non-electrolyzed 
nickel plating liquid. In addition, though natural, even if it performs electrolysis plating, same nickel plating layer 
can be formed. 

[0090] After giving nickel covering by these methods, nickel addition layer which makes a Ti-nickel compound a 
subject was formed in the alloy front face by heat-treating in argon atmosphere, making nickel enveloping layer 
react with the end of an alloy powder, and alloying. However, with the method of covering nickel powder with a 
ball mill mechanically, it is this ball mill mixture 100 Since alloying of nickel covering by mechanical alloying had 
taken place by carrying out time and for a long time, heat treatment was not performed. Moreover, as an example of 
comparison, this heat treatment is not performed but it is only nickel covering, (non-electrolyzed nickel plating or 
mortar mixture) The test coupon carried out was also produced. 



[0091] In this way, it investigated by measuring hydrogen storage capacity, without carrying out activation of the 
oxidation resistance of the hydrogen storing metal alloy powder produced by the gas atomizing method for having 
formed nickel content layer on the front face after the neglect for one week in the atmosphere of predetermined 
conditions as mentioned above. About a test result, it is the formation method of nickel addition layer, (an upper 
case is the nickel covering method and the lower berth is heat treatment conditions) Existence of formation of the 
diameter of average crystal grain of the main phase, and a Ti -nickel compound phase (it checks by the X 
diffraction) It is shown in Table 3. 
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" Ti=0.30, V=0.25. Cr=0.30, A =0.14, B=0.01 

[0093] As shown in Table 3, nickel covering was given according to this invention, when nickel addition layer 
which makes a Ti-nickel compound a subject by making nickel covering of a parenthesis react with an alloy content 
was formed in the alloy front face, oxidization in the atmosphere of the hydrogen storing metal alloy of this 
invention was suppressed, and even if it measured hydrogen storage capacity, without carrying out activation after 
one- week neglect, the fall of hydrogen storage capacity was suppressed to 10% or less. That is, since a front face 
hardly oxidizes even if it deals with the powder of a hydrogen storing metal alloy in the atmosphere, the activation 
which handling becomes very easy and costs require does not have needlessness, and is mitigated. 
[0094] On the other hand, in the example of comparison, when nickel covering was not given at all, the amount of 
hydrogen absorption of the alloy-powder end after one-week neglect fell no less than 35% (No. 9). However, even if 
it gave nickel covering, when nickel covering was not made to react with an alloy content by heat treatment or 
mechanical alloying, the amount of hydrogen absorption of the alloy-powder end after one-week neglect fell no less 
than 19 to 24%. (No.10, 11) . That is, compared with the case of not covering, it turns out only by nickel covering 
that oxidation-resistant improvement is remarkably few. Moreover, when the heat treatment conditions for the 
reaction after nickel covering were unsuitable and the diameter of average crystal grain of the main phase exceeded 
40 micrometers, hydrogen storage capacity fell greatly too under the influence of big-and-rough-izing. 



[Translation done.] 



